The effect of optokinetic stimulation on the disturbed perception of body orientation in three patients with right brain damage and spatial neglect was examined. The patients were asked to direct a laser point to the position which they felt lay exactly "straight ahead" of their bodies' orientation. Without stimulation they localised the body's sagittal midplane markedly to the right of the objective orientation. The patients' horizontal displacement of the sagittal midplane was reduced by a movement of the surround to the left and worsened by a movement to the right. The findings are consistent with those found in patients with spatial neglect using vestibular and neck proprioceptive stimulation. They show that visual input, together with vestibular and neck proprioceptive input, is used for computing a central representation of egocentric space. In spatial neglect this coordinate transformation works with a systematic error and deviation of the spatial reference frame to the ipsilesional side. The positive effect of optokinetic stimulation in patients with spatial neglect is interpreted with a "correction" of the neural coordinate transformation process by producing asymmetric input at the sensory organs of the contributing channels.
Heilman et al I reported that five patients with right hemispheric lesions and left sided neglect showed a deviation to the ipsilateral half of space when they were requested to point to an imaginary spot in space perpendicular to the midline of the chest with their eyes closed. Performing a similar task, patients with neglect did not benefit from seeing the orientation of their bodies.2 The pointing errors toward the ipsilesional side of a horizontal slit positioned at the centre of a board were the same as when their bodies were shielded from view. The findings show a disturbed perception of body orientation in patients with neglect-namely, a disparity of subjective and objective body orientation.
This horizontal displacement of sagittal midplane to the right-that is, the disturbed perception of "straight ahead" body orientation, could be compensated for either by neck muscle vibration or by caloric vestibular stimulation on the left side.3 Stimulation on the right side led to a transient worsening of the disturbed perception of body orientation. The results suggest that the afferent information from these different input channels contribute to the computation of egocentric spatial coordinates used to determine body position in space. A disturbance of this transformation process seems to lead to the characteristic symptomatology of spatial neglect-that is, the deficient exploration of and response to stimuli located in the contralesional part of space.
In normal subjects Brecher et a14 found that visual input, as a further source, contributes to the central representation of egocentric space. The authors asked their subjects to walk backward and forward in a straight line inside an optokinetic drum rotating slowly in a horizontal direction. The subjects consistently deviated from a straight path toward the direction of the drum motion without being aware of it. When the subjects were asked to set a luminous line to apparent "straight ahead", during rotation of the drum the authors found a deviation of the judgements towards the direction of drum motion.
With the above explanation of spatial neglect, the findings of Brecher et a14 predict a positive effect of optokinetic stimulation on the patients' disturbed perception of body position in space. The present experiment tests this prediction.
Materials and methods

PATIENTS
Three patients with neglect were examined. The table gives the demographic and clinical data. Brain lesions were documented by CT or MRI. Neuropsychological examination including confrontation testing, copying, line bisection, cancellation, and picture comparison showed a pronounced left sided spatial neglect in each of the patients. Goldmann perimetry showed normal binocular visual fields.
Demographic and clinical data of the patients with neglect (Nl-3) and the brain damaged controls (C1-6) Figures 1 and 2 show the judgements of the subjective "straight ahead" body orientation for the three patients with neglect and the two control groups in the horizontal plane. With Statistical analysis of "straight ahead" judgements in the horizontal plane showed significant main effects for both factors (F(2,16) = 16-13, P < O.OOO/F(2,32) = 23'80, P < 0000). Post hoc comparison of the group factor using a corrected a level5 showed a significant deviation of the horizontal "straight ahead" position to the right for the patients with neglect compared with both control groups (t = 5-82, P = 0-017/t = 4 40, P = 0 005). Post hoc comparisons of factor "test condition" showed significant differences between each of the test conditions (paired samples t test: t,12 = 6-03, P < 0000/tl,3 = -3 50, P = 0003/4,23 = -5 59, P < 0 000).
In the sagittal plane, the "straight ahead" judgements of the brain damaged patients (those with and those without neglect) were comparable with those of the non-brain damaged group and closely scattered around the objective eye level in each of the three test conditions.
Discussion
Two recent studies reported an influence of optokinetic stimulation on deficient task performance in patients with neglect. Pizzamiglio et al6 asked non-brain damaged subjects and patients with right brain damage, with and without neglect, to bisect lines either in the presence of a stationary or a moving background. Under the moving condition a displacement of the subjective midpoint in the direction of the movement was seen in all three groups. In the group of patients with neglect, optokinetic stimulation with leftward movement of the background could reduce the displacements of bisection marks, whereas optokinetic stimulation to the right markedly increased the displacement.
Vallar et al 7 found positive effects with optokinetic stimulation on the deficient sense of forearm position in patients with right brain damage and neglect. The forearm (not visible for the subject) was moved by the examiner to one of four different locations in the horizontal plane. The patients had to determine the selected forearm position. Compared with patients with right or left brain damage without neglect and normal controls, position judgements of the patients with neglect were more severely impaired with both the contralateral and the ipsilateral arm. Optokinetic stimulation with a leftward movement improved the deficit in forearm position sense, whereas stimulation with a rightward movement produced a worsening of the patients' performance. The authors of both studies hypothesised that an ipsilateral displacement of the egocentric representation of the body may explain the observed effects of optokinetic stimulation. The present findings are in favour of this assumption, although further studies have to clarify possible interactive effects of different processing mechanisms induced by visual motion in patients with neglect.8 In agreement with previous findings,'-39 our patients with neglect showed a pronounced deviation of subjective body orientation toward the ipsilesional right. Optokinetic stimulation with a horizontally moving surround towards the contralesional side positively influenced their disturbed perception of body orientation, whereas a movement to the right worsened the displacement of subjective straight ahead position.
The results support the hypothesis that the mechanism leading to spatial neglect-that is, the patients' deficient exploration and response to stimuli in the contralesional part of space-is due to a disturbed transformation of input coordinates from the peripheral sen-sory organs into an egocentric coordinate frame of reference.3 In patients with neglect this coordinate transformation works with a systematic error and deviation of the spatial reference frame to the ipsilesional side leading to a corresponding displacement of subjective localisation of body orientation.
The present data, together with those previously reported,3 suggest that the afferent information of visual input, together with vestibular and neck proprioceptive input, is used for computing a unitary central representation of egocentric space. Interaction of the contributing input channels is used for object motion detection and dynamic spatial orientation.""' Furthermore, the egocentric representation allows us to correctly determine our body position in space'2 and serves as a matrix for visuomotor coordination and exploration of space. 1 Similar to the compensation of spatial neglect by neck muscle vibration and by caloric vestibular stimulation, the positive effect of optokinetic stimulation in patients with neglect is interpreted with a central "correction" of the neural coordinate transformation process by producing asymmetric input at the sensory organs of the contributing channels (here by applying a large field optokinetic stimulus causing visual to vestibular convergence already at the level of the brainstem). It is the asymmetric stimulation of these input channels that induces apparent self motion and the feeling of a displacement of body orientation in space.
Thus, in normal subjects the same stimulation should lead to a transient disparity of subjective and objective body orientation. In fact this was found with optokinetic,4 vestibular,"1 and neck proprioceptive stimulation.'2 Further, a displaced localisation of the body's orientation should result when the asymmetric input is induced by a disturbed primary perception of stimuli via these information channels. Indeed, this was found-for example, in patients with acute unilateral peripheral vestibular disorder, " in patients with hemianopia, '6 and 
